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 The dipole gap without chamber thickness and bake out elements, has to be 
determine based on the parameters we know today. The dipole gap should accommodate 
both matched and mismatch injection scenarios. We will assume emittance values from  
beam pipe note [1]. Figures 1 and 2 are Trace3d output out put for the mismatched and 
matched injection in the booster. The maximum beta function occurs at end of the first 
dipole in the case of the mismatched injection and has value of about 43.3 meters. In case 
matched injection maximum beta function occurs and the entrance of the dipole and has a 
value of 43 meters 
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H A=  2.1000       B=  3.0000                                                                                                                      
V A= -1.5900       B=  3.4500                                                                                                                      

Z A= 0.70000       B= 3.00000E-02                                                                                                                  

BEAM AT NEL1=    1                                                                                                                           
H A= -1.8700       B=  2.5000         
V A= 0.86999       B=  4.7999         

Z A= 1.83008E-02   B= 0.33961         

BEAM AT NEL2=   49              I=     3.1mA                                                                        
W= 409.9000  409.9000 MeV                                                                   

FREQ= 100.28MHz   WL=2989.55mm                                                                
EMITI=  11.000   10.280 35000.00                                                               
EMITO=  11.565   10.280 35460.02                                                               

N1=    1   N2=   49                                                                   
  PRINTOUT VALUES
 PP PE       VALUE
1   2    -4.00000                                                                       
1   5     3.00000                                                                       
1   8     0.06926                                                                       
1  11    -1.50000                                                                       
1  12     0.00000                                                                       
1  14    -0.40210                                                                       
1  17     1.14282                                                                       
1  29     0.45356                                                                       
1  38    -1.53438                                                                       
1  33   -72.86600                                                                       
1  43   -72.86600                                                                       

MATCHING TYPE =  8                                                                       
DESIRED VALUES (BEAMF)
      alpha     beta  
x    -1.8700    2.5000                                                                     
y     0.8700    4.8000                                                                     
MATCH VARIABLES (NC=4)                                                                     
MPP MPE       VALUE
1   38    -1.53438                                                                      
1   29     0.45356                                                                      
1   17     1.14282                                                                      
1   14    -0.40210                                                                      

CODE: Trace 3-D v69LY                                                                  
FILE: ebis_hebt_060224.t3d                                                             
DATE: 02/24/2006                                                                       
TIME: 13:07:22                                                                         

Phi=  0.0deg,  W=409.900MeV                                                                                  
DP=109.74deg,  DW=   323.19keV,                                                                                                                   DZ=  60.81mm,  DP/P=  0.395mrad, Ez=  24.00pi-mm-mrad                                                        

  
    

Figure 1: Trace out put for mismatched injection into the booster  for Au32. The 
maximum beta function in the bend is ~43.3 meters 
 
 
 
 
 
 
 
 



 

 25.000 mm   X      10.000 mrad                                                                                                                     

 90.000 Deg   X    4000.00 keV                                                                                                                      

25.000 mm   X      10.000 mrad       

180.000 Deg   X    4000.00 keV        
NP2=   49      

  50.00 mm (Horiz)     180.0 Deg (Long.)

  50.00 mm (Vert)

NP1=    1                                                                                                                                           

  20.00 mm (Centroid Scale)                                                                                                                         

 -20.00 mm (Centroid Scale)                                                                                                                         
Length= 34090.17mm        

    1                                                                                                                                                 
   
    2                                                                                                                                               
 Q 
    3                                                                                                                                               
 G 

    4                                                                                                                                          
   

    5                                                                                                                                     
 Q 
    6                                                                                                                                    
   

    7                                                                                                                               
   

    8                                                                                                                          
 Q 
    9                                                                                                                          
   

   10                                                                                                                     
   

   11                                                                                                                
 Q 
   12                                                                                                               
 G 

   13                                                                                                          
   

   14                                                                                                   
 Q 
   15                                                                                                   
   

   16                                                                                              
   

  17                                                                                          
 Q 
  18                                                                                         
   

  19                                                                                      
   

  20                                                                                  
   
  21                                                                                  
   
  22                                                                                  
 G 
  23                                                                                  
   
  24                                                                                  
   

  25                                                                           
   

  26                                                                   
   
  27                                                                   
   

  28                                                           
   

  29                                                   
 Q 
  30                                                   
 G 

  31                                               
   

  32                                           
 E 

  33                                         34                                    
 E 
  35                                   
   
  36                                  
 Q 
  37                                  
   
  38                                  
 Q 
  39                                 
   
  40                                 
 Q 
  41                                
   
  42                               
 E 

   43                              44                        
 E 

   45                   
   

   46               
   
   47               
   
   48             
   

   49       
   

+

                                                                                             H A=  1.5000       B=  3.0000                         

*

                                                                                              V A= -1.5900       B=  3.4500                        

*

Z A= 0.70000       B= 3.00000E-02                                                                                                                  

BEAM AT NEL1=    1                                                                                                                           

+ +
+ ++++++++ +

+ ++ ++ ++ ++ ++ ++ ++ ++ +

+

H A= -1.7272       B=  11.008         

*

V A= 0.82163       B=  4.8321         

Z A=-4.59096E-02   B= 0.30940         

BEAM AT NEL2=   49              I=     3.1mA                                                                        
W= 409.9000  409.9000 MeV                                                                   

FREQ= 100.28MHz   WL=2989.55mm                                                                
EMITI=  11.000   10.280 35000.00                                                               
EMITO=  11.365   10.280 35329.28                                                               

N1=    1   N2=   49                                                                   
  PRINTOUT VALUES
 PP PE       VALUE
1   2    -1.22435                                                                       
1   5     1.01099                                                                       
1   8    -1.88655                                                                       
1  11     2.02571                                                                       
1  12     0.00000                                                                       
1  14    -2.00004                                                                       
1  17     1.40000                                                                       
1  29    -0.50000                                                                       
1  38    -1.50000                                                                       
1  33   -72.86600                                                                       
1  43   -72.86600                                                                       

MATCHING TYPE =  8                                                                       
DESIRED VALUES (BEAMF)
      alpha     beta  
x    -1.7272   11.0077                                                                     
y     0.8216    4.8321                                                                     
MATCH VARIABLES (NC=4)                                                                     
MPP MPE       VALUE
1    2    -1.22435                                                                      
1    5     1.01099                                                                      
1    8    -1.88655                                                                      
1   11     2.02571                                                                      

CODE: Trace 3-D v69LY                                                                  
FILE: C:\oldlaptop\d\ebis\ebisreview\ebis_hebt_060224a.t3d                             
DATE: 02/24/2006                                                                       
TIME: 13:12:19                                                                         

Phi=  0.0deg,  W=409.900MeV                                                                                  
DP=104.55deg,  DW=   338.27keV,                                                                                                                   DZ=  57.94mm,  DP/P=  0.413mrad, Ez=  23.91pi-mm-mrad                                                     

  
       

Figure 2: Trace3D out put for matched injection into the booster for Au32 with maximum 
beta function of about ~43 meters. 
 
 
In case of the Au32, un-normalized emitance is 11 mm mrad (5 rms) of emittance [1], and 
the maximum vertical beta function in the dipole region for mismatch injection  is about 
46 meters, therefore, the beam height is 2* √(11*43.3)= 43.6 mm. In case of matched 
injection into the booster, the maximum vertical beta function is about 43 meters, 
therefore, the beam height is 2* √(11*43)= 43.5 mm. 
 
The budgeted emittance is factor of two higher than the simulated emittance, therefore, 
the maximum beam height is 43.6* √2 ~ 61.7 mm for Au32 ions for matched and 
mismatched injection in the booster.  
 
Since emittance scales as q/m, the budgeted emittance for Deuterons will be 11*3*2=66 
mm mrad (5 rms) and the maximum beam height will be 2* √(66*43.3) = 107.0 mm.  
 
The recommended dipole gap, therefore 
G=maximum beam height+ vacuum chamber thickness + bake out element thickness 
+clearance 
    = 107.0 + 2*3.175 +2*6.35+2*3.175 =132.4 mm 
 
 



 
The maximum Horizontal beta function occur at end of  2nd dipole and has a value of 33.5 
meter. The maximum horizontal aperture required for the beam 2*sqrt(66*33.5)=94.0 
mm. 
 
 
Aperture for the Q7 
      The maximum vertical beta function at quadrupole in between dipoles is about 47 
meters. The beam pipe ID required is 2*sqrt(66*47)=111.4 mm 
 
References: 
[1] “Beam Pipe ID (in the wall) without NEG Pump”, D. Raparia, 2005/11/30 
 
 
 
Appendix 1 

Device Length 
(mm)      

RFQ  3800      
MEBT 1788      
LINAC 4000      

       
HEBT LOCATIONS      

Device Center of 
Device 

Distance 
(mm) 

arc length 
(mm) 

Dipole 
angle ° 

Radius 
of 

Dipole 
(mm) 

Overall 
Distance 

(mm) 

End of IH 
LINAC  0.00    0.00 

  500.00    500.00 
Q1 601.6 203.20    703.20 

  2311.40    3014.60 
Q2 3116.2 203.20    3217.80 

  2311.40    5529.20 
Q3 5630.8 203.20    5732.40 

  2079.50    7811.90 
Q4 7913.5 203.20    8015.10 

  2827.40    10842.50 
Q5 10944.1 203.20    11045.70 

  2027.30    13073.00 
Q6 13174.6 203.20    13276.20 

  8908.72    22184.92 
Q7 22286.52 203.20    22388.12 

  1990.18    24378.30 
D1  959.60 1653.28 72.866 1300 25337.90 

  959.60    26297.50 
  260.00    26557.50 

Q8  203.20    26760.70 



  654.00    27414.70 
D2  959.60 1653.28 72.866 1300 28374.30 

  959.60    29333.90 
  4101.75    33435.65 

INJ. PT.     33435.65 
 


